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CTaBUTcaA 3aa4ua XKCIePMMeHTasIbHOrO UCCIIe- 
JOBaHHA paclipOcTpaHeHHA BBIJIeJIACMbIX Bpe- 
HbIX BeIICCTB HW TeMJIOTbI BO BPCEMA CBapOdUHOrO 
Ipomecca B IOJIYOTKPbITbIX IpOCTpaHCcTBaXx C 
I[eJIbIO WoOcIexyroulen Bepudukaluu MaTeMaTH- 
YeCKOH HW KOMIIbIOTepHOH Mosesen. Ilpu mpou3- 
BOJICTBe TOJOOHBIX paOOoT CBapIIMK 3a4acTyrO 
HaxOJHTCH B Tak Ha3bIBAeCMbIX CTCCHEHHBIX 
YCHOBHAX, Te MpOWUCXOAMT ObicTpoe Hapacta- 
He COepxKaHuA BPeIHbIX BelleCTB, IpuH4yeM 
YCHOBHA paOoTbI yCyryOJIAKOTCA MOBbILICHHbIM 
TeEIJIOBbIM OOJTYYeEHHeEM VU HeyJOOHBIM MOJIO%Ke- 
HHeM Tesla cBapinka. ITpopeyeHHbie U3MepeHHA 
KOHI[CHTpalluH BPeHbIX BeL[eCTB UW YrsIeKUCIIO- 
ro ra3a, OOpa3yFOMUXcA Tp alleTHJICHOKUCJIO- 
POTHOM CBapKe NOATBEPIMIM TpesMOuOxKeHve O 
IIPeBbIMICHHH CaHUTAapHO-rMrMeHuYeCKOrO HOp- 
MaTuBa IITJIK. Ananorm4uHble UccueqOBaHHA 
TeMHepaTypbl BO3yxa paodoueH 30HbI 1OKa3asin, 
4TO CBapIMK HaxOJMTCcA B HeOMAarONpUATHBIX 
YCHOBHAX IIpOU3BOJICTBEHHOrO MUKPOKJIMMAaTa. 


Ku1r0ueBble CJI0Ba: TellsIOMaccolepeHoc, BeH- 
THWJIAWMA, KOHIJCHTpallua, BpeHble BellecTBa, 
OrpaHH4eHHbIM OObeM. 


Bseyenne. B padorte [1] Oba ToKa3aHa ak- 
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The article raises the problem of experimental 
study of the emission of harmful substances 
and the heat distribution in the welding pro- 
cess 1n semi-open spaces for the purpose of 
subsequent verification of mathematical and 
computer models. In such production welder 
often works in the so-called cramped condi- 
tions, where there is a rapid increase in the 
content of harmful substances, work-ing con- 
ditions are further worsened by high heat radi- 
ation and uncomfortable body position of the 
welder. The authors measured the concentra- 
tions of harmful substances and carbon diox- 
ide produced by oxyacetylene welding, and 
confirmed their hypothesis of exceeding the 
sanitary maximum permissible concentration 
standard (MPC). Similar studies on the tem- 
perature of the working area proved that the 
welder works under adverse conditions of 
production microclimate. 


Keywords: heat and mass transfer, ventila- 
tion, the concentration of harmful substances, 
limited amount. 


Introduction. In the paper [1] the authors 
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TYaJIBHOCTb JaHHOrO UCCIeqOBAaHHA Ha OCHOBA- 
HMM TOLO, YTO WIMPOKHMH CIIeCKTPp CBapO4HBIX pa- 
OOT BbINOJIHAeTCA He Ha CTalMOHapHbIx pado- 
4MX MeCTaX B MpOW3BOACTBCHHbIX I[exax, a 3a- 
yacTylO B JOCTATOYHO IKCTPeMAaJIbHbIX IIPOu3- 
BOJICTBCHHBIX YCJIOBHAX. ITO MOTYT OBIT MOJY- 
3€MKHYTbIe O©rpaHH4eHHbIe IIpOcTpaHcTsa, 
HallpHMep, TPFOMBI CYJIOB, WMCTepHbI, KOJIONIUBI, 
AMBI WU JIpyrue TpyAHOAOCTyIHble MectTa, rye 
He€BO3MO2%KHO IIPHMCHHTb TpayMIMOHHble BUIbI 
IIPOMBINVICHHOH BeHTMWIAWMH. B 9sTOM ciy4ae 
coqepxKaHve 3arpxA3HAIOMIMX BeIIeCTB ObICTPO 
HapactaeT MU 3Ha4MTeIIbHO MpeBbiilaeT BeIM4H- 
HbI  IIpe[@JIBHO-JOIYCTUMBIX 
(ITIK). 


B [1, 2] Obi OOOcHOBaH BEIOOP MaTeMaTH4e- 


KOHICHTpalluu 


CKOM MOJIeJIM TelMIOMacconepeHoca JIA e€ pea- 
NM3aluMH B CTCECHEHHBIX ycIOBHAX. Moyenmb AB- 
JIACTCA AllallTauMen Kiaccu4yecKOM MOJIeIM He- 
IIPepbIBHOU CpeyIbI Ha Oa3e CHCTeMbI ypaBHeHHuit 
Hapse-CTokca K pellleHHHO KOMIIJI€KCHOM 3aya- 
4H TeIJIOOOMeHa CO CJIOXKHBIMH JIBMOKYIMMUCA 
TpaHW4HbIMM ycIOBHAMUH. B 9sTUX %#Ke padoTax 
IIPMBeECHbI pe3yJIbTaTbl UMCJICEHHOrO MOJeJIN- 
POBaHHA TIpOlleccoB 3ara30BaHHOCTH UW pacueT 
TlapaMeTpOB MUKPOKJIMMaTa, BO3TeCMCTBYIOUIMX 
Ha CBapl[MKOB. 

OyHako pA], WOCTaBJICHHBIX 3ayad OBI He 
pemiéH HW TOTpeOoBal TpoBeyeHua OMOJHU- 
TeJIbHBIX UccTeqOBaHHH. IIpexye Bcero peub 
WET O IKCNEPHMEHTAJIbHOUM TpoBepKe MHOro- 
YMCJICHHBIX MOJICJIBHBIX PaCc4ETOB, IIPOBeIEH- 
HbIX B IIOJIY3AMKHYTHIX MPOCTpaHCTBax. 

HlocraHoBka H IWJiaHHpoBaHHe 93KCHepH- 
MeHTa. OKCIICpHMCHTaJIbHbIe UCCWeOBAaHHA 
WIA MOCHeLyHOWen UTeHTHUPUKAaWMn MaTemMaTH- 
YeCKOH WM KOMMBbIOTEPHOH MOEN IIpOMeccoB 
pactipoctpaHeHHA BBIJeHeMbIX BPeHbIX Be- 
I€CTB HM TeIWIOTbI CBapOyHOrO Wpowecca OBLIM 
IIPOBeJCHBI B TapaxKHOM TWoMemleHuu JIOHCKOrO 
rocyapcTBeHHOrO TeXHHYeCKOrO YHHBepcHuTe- 
Ta. HaTypHbie UcCCcieqOBaHHA BBITIOJIHCHbI B 
Cpeyle 3apaHee BbIOpaHHOTO MOJIeJIbHOrO OObEK- 
Ta IOJIY3aMKHYTOrO OOBEMAa HU 3aJJaHHbIM, pac- 
TIOJIOXKCHHBIM BHYTPH, CTal[MOHaPHbIM UCTOU- 


HUKOM 3arpa3HeHHNH. 


have proved the relevance of this study on the 
basis that a wide range of welding works is 
not performed at the fixed workstations in 
manufacturing workshops and often in quite 
extreme production conditions. It can be semi- 
closed limited spaces, such as bilges, tanks, 
wells, pits and other inaccessible places where 
it 1s impossible to apply traditional types of 
industrial ventilation. In this case, the content 
of contaminants increases rapidly and greatly 
exceeds maximum permissible concentrations 
(MPC) values. 

In [1, 2] the authors have justified the 
choice of mathematical model of heat and 
mass transfer for its implementation in 
cramped conditions. The model is an adapta- 
tion of the classic model of continuous medi- 
um on the basis of the Navier-Stokes equa- 
tions to the solution of a complex problem of 
heat transfer with complex moving boundary 
conditions. These papers provide the results of 
numerical simulation of gas accumulation 
processes and calculation of microclimate pa- 
rameters, influencing a welder. 

However, a number of tasks have not been 
solved and it required further research. First of 
all we are talking about experimental testing 
of numerous model calculations performed in 
semi-closed spaces. 

Formulation and experiment planning. 
In the garage space of Don State Technical 
University the authors have carried out exper- 
imental studies for further identification of 
mathematical and computerized model of the 
propagation of emitted harmful substances and 
heat of the welding process. Field studies have 
been done in the environment of a pre-selected 
model object of semi-enclosed volume and 
with a pre-set stationary source of pollution 
located inside it. 


The object of study is the inspection pit in 








OObeKT HCCeOBaHHuA — CMOTPOBaA AMA, 


pa3MelljéHHad B TapaxKHOM TIOMeIIeHHM Cc pa3- 
MepaMH 14,35x6,3x3,7M, CxeMa KOTOpOroO IIpesi- 
cTaBsIeHa Ha puc. |. Bopota rapaxka umes pa3- 
MeppbI 3,15x2,83 uM ObWIM OTKPBITbI B XOJ€ 9KC- 
lepuMenta. Tem caMbIM OblIa Co3yjaHa cpeyla 13 
JBYX TOJIyY3AMKHYTBIX OObEMOB. BHyTpu CMOT- 
poOBOHM sAMBI pacioslaraocb padoyee MecTO 
cBapmiuka. VMcTrouHuk BbIJeueHHA CBapOUHbIxX 
axposoueH — alleTuJIeHO-KUCIOpoyHad cBapKa 
[3], c OOopyq0BaHveM, YCTaHOBJICHHBIM B aBTO- 
MOOMJIe HW 3a rapaxKHbIM MOMeLleHHeM (puc. 1). 
Ha puc. | u300paxenpr: | — aBroMoOusb; 2 — 
KHCHOPOAHbIM OasJIOH MO, TaBJICHHeM C pejlyK- 
TOpoM; 3 — alleTHJICHHOBbIM TeHeparTop. 
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the garage with dimensions of 
14,35x6,3x3,7m, scheme of which is shown in 
Fig. 1. Garage doors of size 3,15x2,and 83 
were opened in the course of the experiment. 
Thus the environment of two semi-enclosed 
volumes was created. The workplace of the 
welder was located inside the observation pit. 
The source of welding fumes emission is oxy- 
acetylene welding [3], with the equipment in- 
stalled in the car and the garage space (Fig. 1). 


Fig. 1 shows: 1 — car; 2 — oxygen container 


with reducer; 3 — acetylene generator. 





Puc. |. Cxema ucciesyeMBbIx TIOMeIIeCHHH, pasMellleHve H3MeEPHTeJIBHBIX TOUCK 


MW OOOpyAOBaHuA Tp MpoOBeeCHHU IKCIICPHMeCHTOB 


Fig. 1. Scheme of the investigated areas, the location of the measuring points 


and the equipment during the experiments 


IIpu mpoBpeyenun 9KcMepuMeHTa Oba oTpe- 
jeIeHa MHTCHCMBHOCTb BbIOpOca OCHOBHEIX BBI- 





The rate of the main substances emission 


(including pollutants) was determined during 
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JICIACMBIX (B TOM 4UHCIIC 3arpxA3HAFOIIMX) Be- 
WeCTB: yrIeKHCIOrO ra3a, BOJAHbIX WapOB, OK- 
CHJOB a30Ta MH W30bITKOB TelsoOTbI. Pacuérsl, 
IIPOBeEHHbIC UCXOJA W3 COOTHOIWICHHM KOMIIO- 
HeEHTOB B XHMHMYECKON peakIMu TopeHuA alleTu- 
neHa B KHCIOpoye Wp W3BeCTHOM pacxoyse alje- 
TusleHa Ha ropemky 0,25 u/4, TO3BOJIMJIM Onpe- 
eIMTb BbIOpocbr CO2 (0,275 r/c) uw H2O (0,05 
r/c). Y4UTbIBAA YCIbHbIe HOPMATHBbI BbIOPOCOB 
OKCHOB a30Ta [4], ObLIM paccuUnTaHbl MHTCHCHB- 
HOCTb BbIemeHua NO2, papyasa 0,0018 r/c [5], u 
WVHTCHCHBHOCTh TenMIOBbIAZeIeHHA — 913 Br [6]. 
OHOBpeMeHHO B 3aJ,{aHHbIC MOMECHTbI BPCMeCHU 
3aMepsAJIMCh ~=KOHICHTpalluH =OKCHOB a30Ta, 
yrapHoro ra3a, yrIeKUCIOrO ra3a, TeMIlepaTypa 
Ta30-BO3YIIHOM CMeCH HM CKOPOCTb JBYKeHHA 
Ta30-BO3YIHOM cpeybl B 5-TH XapaKTepHbIxX 
TOUKAaX OOBEMAa HCCIesyYeEMOM CMOTPOBOM AMBI, 
B3ATbIX B OJHOM IJIOCKOCTH B HeEMOCcpeqCTBeHHOM 
ONM30CTH OT HMCTOUHHKA 3arpa3HeHuH («T 1» 
(300; 300; 450), «I2» (300; 1000; 450), «T3» 
(350; 1450; 450), «T4» (400; 1000; 450), «TS» 
(400; 600; 450)), puc. 2. 

TeomMetTpuueckve WapaMeTpbl MCTOUHMKAa 3a- 
TpaA3HCHHA COOTBETCTBYIOT KOOpyMHaTam «C» 
(350; 100; 450) BHyrpu amor (puc. 2). BarOop u3- 
MePHTCJIBHBIX TOUCK OBL OOYCOBIICH BO3MOX- 
HOCTBIO J[eTaJIbHOrO UCcueqOBaHHA OOpa3yro- 
Wjevca TeMIOBOM CTpyH B XapaKTepHbIX Ce4ueHH- 
aX, a TakKoKe Ha OCHOBaHHM TMpOBeJIEHHBIX YHC- 
JICHHBIX IKCIECPHMCHTOB C TOMOIIbEIO MeTOa KO- 
HeE4HbIX 9JIEMCHTOB B COBPCMeCHHOM TporpaMM- 
HOM cpeye Solid Works Flow Simulations [2]. 

OKcCHepUMeHTAJIBHbIe NccIeqOBaHHA. JI 
W3MepeHHA TeMMepaTyp UCIIOJIb30BaIMCbh TepMO- 
llapbl B KOJIM4eCTBe 5 IITYK, AHeEMOMETDH, 1a30- 
aHanu3aTop Drager X-am 5000. Ilepea mpospexe- 
HHeM W3MepeHHi B CTpye ObIJIM BbIMOJIHCHBI 3a- 
MepbI llapaMeTpOB MUKPOKJIMMaTa B IIOMeIIeHH- 
ax. Ha lI1poTs»KeHHM IKCIIepHMeHTOB TeMIlepaty- 
pa okpy2Karollero BO3Ayxa cocTaBiiasa 25—27 °C. 

TloQBYOKHOCTb BO3yxa H3MepAyacb C IIOMO- 
I[bIO AHeEMOMeTpa, YCTaHaBJIMBaeMOrO B 30HE 
TeENOBOM CTpyH HallpoOTHB BeHTHJIATOpa pu 
Ka)KJ(OM HOBOM 3KCIICPHMeHTEe. 

OMBITbI CTaBMJIMCb TAKUM 00Pa30M, UTOOBI Co- 
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the experiment: carbon dioxide, water vapor, 
nitrogen oxides, and excess heat. The calcula- 
tions, carried out on the basis of component 
ratios in chemical reaction of combustion of 
acetylene in oxygen at a known flow rate of 
acetylene to the burner 0,25 m°/h, allowed to 
determine CO2 (0.275 g) and H2O (0.05 g/s) 
emissions. Given the specific standards of 
emissions of nitrogen oxides [4], the authors 
calculated the emission rate of NO>2, equal 
0,0018 g/s [5], and the heat rate — 913 W [6]. 
At the same time in the given time they meas- 
ured the concentration of nitrogen oxides, car- 
bon monoxide, carbon dioxide, gas-air mix- 
ture temperature and the speed of movement 
of gas-air environment in 5 points of the stud- 
ied observation pit, taken in the same plane in 
the vicinity to the source of contamination 
("TL" (300; 300; 450), "T2" (300; 1000; 450), 
"T3" (350; 1450; 450), "T4" (400; 1000; 450), 
"TS" (400; 600; 450)), Fig. 2. 

The geometrical parameters of the source 
of contamination correspond to coordinates 
“C” (350; 100; 450) inside the pit (Fig. 2). Se- 
lection of measuring points was due to the 
possibility of detailed studies of the resulting 
thermal jet in typical cross sections, as well as 
on the basis of the conducted numerical exper- 
iments using the finite element method in a 
modern software environment Solid Works 
Flow Simulations [2]. 

Experimental research. 5 pieces of ther- 


mocouple, anemometer, and gas analyser 
Drager X-am 5000 were used for temperature 
measurement. Microclimate parameters were 
measured in the premises before taking meas- 
urements in the jet. During the experiments 
the ambient temperature was 25-27 °C. 

In each new experiment air movement was 
measured with anemometer, installed in the 
area of thermal jet in front of the fan. 

The experiments were set in such a way as 


to create different conditions of space ventila- 





3aTb pa3sJIM4Hble YCJOBUA BEHTHWJIMpOBaHHA IIpo- 
CTpaHcTBa B UccIeqyeMoM oOsbextTe. Ha puc. | u 
puc. 2 IyYHKTHpOM M0Ka3aHbl TpV pa3JIM4HBIXx T10- 
JIOKeCHHA BEHTHJIATOPa, KOTOPbIMH CO3aBalIcA 
IIpHTOK BO3yxa Ha paOdouee MeCcTO cBaplMka. 
IkcriepuMentT Ne | mpoBoaMsica B yCJIOBMAX OT- 
CYTCTBHA BeHTHJIAUMH; B 3KCHepHMeHTe No 2 
(1osIOHKeHHe BeHTUTIATOpa A) MpHTOK BO3Jtyxa 
Obl HanpaBsIeH cllepeyM Ha CBapilKa; B 3KCIIe- 
pumente Ne 3 NpHTOK BO3yxa HalpaBsieH c3aqu 
Ha cBaplluKa (moO0%*KeHHe BeHTHIIATOpa 5); B 
akcnepuMeHte Ne4 ocylilecTBIaIacb OOKOBAA T0- 
yaya BO3qyxa cyleBa OT CBapllwKa (MOsIO*KeHuE 
BeHTUIATOpa B). Jia Bcex ciydaeB OBI MOsy- 
4eHBI 


IKCHCPHMCHTaJIBHbIC JaAHHbIC, KOTOPBbIC 


IIpPHBeeHBI Ha puc. 3-6. 


tion in the researched object. In Fig. | and Fig. 
2 the dotted line shows three different posi- 
tions of the fan, which created air flow to the 
workplace of the welder. Experiment No. 1 
was conducted without ventilation; in experi- 
ment No. 2 (fan position A) the flow of air 
was directed to the front of the welder; in ex- 
periment No. 3 the flow of air is directed to 
back of the welder (position of the fan B); in 
experiment No. 4 the air supply was to the left 
of the welder (position of the fan C). For all 
cases the experimental data shown in Fig. 3-6 


were obtained. 





Puc. 2. PacnomoxeHve U3MeEpUTEJIBHBIX TOUCK B CMOTPOBOH AMe 


Fig. 2. The position of the measuring points in the pit 


Kak cyleqyeT u3 puc. 3, pactipezemenue Tem- 
llepaTyp B MJIOCKOCTH W3MepeHHU HOCHT cilesy- 
FOUMM XapakTep: B TOUKe «T)», HavOosee O1n3- 
KOM K HMCTOUHUKY BbINeNeHHM, HadsuHOaercsa 
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As can be seen in Fig. 3, the temperature 


distribution in the measurement plane is as 
follows: at point T; which is closest to the 
source of emission, the highest temperature 





HanOoubiuad TeMMepatypa, WOcTurarolad 0- 
paqka 50-60°C npu Bcex Buyax BeHTMIMpoBa- 
HHA AMBI VW B Cily4ae Oe3 BeHTHIAMMH. B Apyrux 
M3MEPHTeJIBHBIX TOUKAaX TemMIepatTypa Ha 1|0- 
20°C uwxe. HanGonee 6maronpusTHEIM cytyya- 
€M pa3MeIIlCHHA IIPHTOUHOrO BeHTHJIATOpPa AB- 
jdeTCA 9KcCHepuMeHT Ne 2, Kora BO3YXx Moa- 
éTca chlepeaqu cBapuimka. Msi HaOmrogaem 3Ha- 
4HMTeJIbHOe CHWKeHMe TeMMepaTyp Cc 45°C no 
35°C B To"UKe «T >» B TeueHve 2-X MHHYT 9DKCIIe- 
puMeHTa, a HW B JIpyrux TOUKaX TeMIlepatypa He 
HapactaetT. B cay4ae OOKOBOM ToOsay BO3Tyxa 
M moqa4qn BO3yxa c3aqM sddekta CHWKeHHA 
TemMilepaTyp He HaOsiOWaeTcA, OHH, HallpoTuB, 
jaxke BO3pacTalor. 
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reaches about 50-60°C for all types of pit ven- 


tilation and in the case without ventilation. In 
the other measuring points the temperature was 
10-20°C lower. The best case of placing the 
supply fan presents experiment No. 2, when air 
is supplied to the front of the welder. We ob- 
served a significant decrease of temperatures 
from 45°C to 35°C at the point T, within 2 
minutes of the experiment, and in the other 
points the temperature didn’t increase. In the 
case of an air flow directed back from the 
welder or to his left there wasn’t observed any 
decrease, on the contrary, it even increased. 
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Puc. 3. 3aBucuMOCTH TeMMepaTyp B H3MePHTeJIbHBIX TOUKAX OT MOMCHTA BPeCMeHH IKCIICPHMeHTA: 
a) IkcriepumMent Neo |. CBapka 6e3 BeHTHIATOpa; 6) DkcnepumMent Ne 2. Betep cniepequ; 6) DkcnepumMent Ne 
3. Betep c3aqu; 2) DkcnepumMent Neo 4. BokoBoli BeTep 


Fig. 3. Dependencies of temperatures at the measuring points on the time of the experiment: 
a) Experiment No. 1. Welding without fan;b) Experiment No. 2. Air flow from the front; C) Experiment 
No. 3. Air flow from the back; g) Experiment No. 4. Air flow from the side 


[loqBWKHOCTB BO3/yxa B IKCIepHMeHtax Ne 
2 u No 3 oKa3amacb paBHoH 2 M/c B 30HE paciio- 
JIO*KCHUA TeMIOBOM CTpyW HalpoTHB BeHTHIIA- 


Air movement in experiments No. 2 and No. 
3 was 2 m/s in the area of the thermal jet op- 
posite the ventilation unit, and the side flow of 
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IMOHHOrO arperata, a pH OoKOBOM noaye 
BO3yxa B 9KCHepHMeHTe No 4 — | m/c. 

B 9kcnepumeute Ne 4 nocie 4-x MHHYT OMbITa 
BCHTHJIATOP Ob OTKIHO-UGH HM HadsOalica 
pocT Temnepatyp B paboueli 30He CBapmuKa JO 
75 OC B TouKe «TI». 

Ha puc. 4 mpeyctaBienbl rpaduKu, 103B0- 
JIAFOIMe ONCHUTb BIIMAHVE PTyYOMHbI CMOTPOBO 
AMBI Ha 1OKa3aHWA TeMMepaTyp B U3MepHuTesIb- 
HbIX TOUKAX B TJIOCKOCTH TelJIOBOM cTpyu. B 
akcnepHMeHte Ne 4 pu OoOKOBOM Noaye BO3- 
yxa ObWIM NOUYAICHbI MaKCHMaJIbHbIe TeMIlepa- 
TYPpbIl, KOTOPbIe COOTBeETCTByHOT TOUKe «TI |», 
pacnosIOx*KeHHON Ha paccTosHHuu 0,3 M OT OCHO- 
BaHuA AMbI. C yMeHbINeHHeM FIyOHHbI Worpy- 
%KCHHA U3MEPUTeJIBHOM TOUKH Z B CMOTPOBOM 
aMe TeMIIepaTypa yMeHbIlaeTca MW He IIpeBbIIIa- 
eT 450C. 
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air in experiment No. 4 was | m/s. 

In experiment No. 4, after 4 minutes of ex- 
perience the fan was disabled, and there was 
the temperature increase in the working zone 
of the welder to 75 OC at the point "T1". 

Fig. 4 shows the graphs, allowing estimat- 
ing the influence of the depth of the inspection 
pit on the temperature at the measuring points 
in the plane of heat flow. In experiment No. 4, 
with air flow from the side the authors ob- 
tained the maximum temperature, which cor- 
respond to the point T1 located at a distance of 
0.3 m from the base of the pit. With decreas- 
ing immersion depth of the measuring point z 
in the pit the temperature is reduced and does 
not exceed 450C. 


1 T=1 MHH 20 cek 
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—e— | Welding without fan 

—ae— Air from the back 

—w— 3 Air flow from the front 

—— 4 Airflow from the side 


Puc. 4. 3aBucHMOCTM TeMepaTyp B U3MepHTeJIBHBIX TOUKAX OT PIYOHHBI AMBI 
B pa3JIM4HbIcC MOMECHTHI BPCMeHH 9KCIICPHMCHTOB 


Fig. 4. Dependencies of the temperature at the measuring points on the pit depth 
at various time points of experiments 
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B tTouxax «T2» u «T3» mosyueHbl MMHH- 
MaJIbHbIe TeMMepaTypbI B TeMIOBOM 1a30- 
BO3JYIIHOM CTpye, OOpa3s0BaHHONW IIpu cCBapKe. 
B oxkcnepumMente Ne 2, Kora BO3qyx MoWaeTcA 
cllepequ cBaplivkKa, HaOmOaeTca yCTOMYMBbIM 
addekT HanOosIee HU3KUX TeMIepaTyp BO BCex 
U3MepUTeJIbHBIX TOUKAX. 

TakuM oOOpa30M, COlOCcTaBJIeHHe 93KCIIepu- 
MCHT@JIBHBIX JIAHHBIX, IPHBeCHHBIX Ha pc. 3 u 
puc. 4, MO3BOIAeT CeNaTb CiIeTYIOUMe BBEIBO- 
JubI: 

— MaKCHMaJIbHad TeMIepaTypa B CMOTPOBOH 
aMe HaxoyuTca B TOUKe «Tl», COOTBETCTBYIO- 
eH HavOoubleh rryOuHe U HanOosIee O1M3KON 
K WCTOUHHKY BBIAeICHHM 3arpax3HeHHM pH 
CBapKe; 

— WCCI€OBaHve pa3JIM4HbIX PeXKMMOB BCH- 
THJIMPOBaHHA CMOTPOBOM AMBI TOKa3bIBaeT, 4UTO 
B 9KclIepuMeHTax Ne | (CBapka 6e3 BeHTHIATO- 
pa) u Ne 4 (bokoBow BeTep) HMeeT MECTO POCcT 
TemMilepaTtyp WU yxyllleHve ycCIIOBHH Tpyya 
CBapmHka; 

— C YMeHbINeHHeM IJIYOMHbI WOrpyKeHuA 
U3MepHTeJIBHOU TOUKU Z B CMOTPOBOM AME TeM- 
llepaTypa ra30-BO3/1yIIHON Cpebl YMeHbIMAeTCA 
MW B 9KCTepuMeHte Ne 2, Kora BO3yx MomaéTca 
chlepeyM cBapluka, HaOsHOaeTCA YCTOMYMBBIM 
3addekT HauOouee HU3KHX TeMMepaTyp BO BCeXx 
M3MepUTeJIbHBIX TOUKAX. 

Ha puc. 5 uw puc. 6 npescTaBeHbI 9KCIIepH- 


MeHTAJIBHbIe JAHHbIC TWO KOHI[CHTpalluAM BpeI- 
HbIX BeII[CCTB MW YrJICEKHCJIOMY ra3y. 


KOHTpOJIb KOHI[CHTpallui BPeHbIX BeIIIeCTB 
WM yIrleKucoro raza, OOpa3yrolluxcaA pu alle- 
THJICHO-KUCJIOPOTHOM CBapKe, BaxKeH C TOUKH 
3peHuA oOecne4ueHuA CaHuTapHo- 
rurvenuyeckoro HopmMatusBa ITIK B padouen 
30He CBapIuMKa. TpaqMiMOHHO aHasIv3 BeJeETCA 
Ha CaMbIM TOKCHYHBIN OKCH] a30Ta, a HOPMATHB 
KayeCTBa BO31yXa MOMeINeHHH AIA yrIeKUCJIOrO 
ra3a 70 HeaBHero BpeMeHH B OTeCYeCTBCHHBIX 


MOKYMCHTax OTCYTCTBOBaII. Jiumtn rurveHyye- 


The minimum temperature in the heat gas- 
air jet formed during welding was received at 
points "T2" and "T3". In experiment No. 2, 
when air was supplied to the front of the 
welder, there was a stable effect of the lowest 
temperatures at all the measuring points. 

Thus, the comparison of the experimental 


data shown in Fig. 3 and Fig. 4, makes it pos- 
sible to draw the following conclusions: 

— the maximum temperature in the pit 1s at 
the point Tl corresponding to the greatest 
depth, which is closest to the source of the of 
contaminants emission during welding; 

— study of different ventilation modes of 
inspection pit shows that in experiments No. | 
(welding without fan) and No. 4 (Air flow 
from the side), there is the temperature in- 
crease and the deterioration of working condi- 
tions of the welder; 

— with a decrease in the depth of immer- 
sion of the measuring points z in the pit the 
temperature of the air-gas environment is re- 
duced, and in experiment No. 2, when air is 
supplied to the front of the welder, there is a 
stable effect of the lowest temperatures at all 
measuring points. 


Fig. 5 and Fig. 6 present experimental data 
on the concentration of harmful substances 
and carbon dioxide. 

Control of concentrations of harmful sub- 
stances and carbon dioxide, produced by oxy- 
acetylene welding, is important from the point 
of view of ensuring sanitary-and-hygienic 
standard MPC in the working zone of the 
welder. Traditionally, the analysis is conduct- 
ed on the most toxic nitrogen oxide, and until 
recently in the national documents there was 
no quality standard of indoor air for carbon 


dioxide. Only hygienic standards [7] in 2006 


-Fru 
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CKHMU HOpMaTHBaMH [7] B 2006 rojy Obiluia BBe- 


yjeHa MaKCHMalIbHO pa3o0Baa ITJIK, papnaa 13 
790 ppm (27 000 mr/m°), “ cpeqHecmMeHHas 
IIIK, paspas 4 597 ppm (9 000 mr/M?), an 
BO3yxXa padouel 30HbI IPOW3BOJICTBCHHBIX I10- 
MelleHHH. Tem He MeHee, B COOTBETCTBHU C 
POCT 8050-85 [8], upu KoHWeHTpalMax Oosee 
5 % JBYOKUCh yrulepoya OKa3bIBaeT Bpe Hoe 
BIIMAHHe Ha 300poBbe ueoBeka. IlpuH 9TOM 
CHWKaeTCA OObEMHAA JOUA KUCHOPOa B BO3JYy- 
X€, UTO MOKET BbI3BATb ABJICHHE KUCIIOPOTHOM 
HeJOCTaTOYHOCTH U yAyuibs. IlosTOMy B 9KcrIe- 
PHMeHTAJIbHBIX MCCIICOBAaHHAX ABTOPaMH OBIIO 


yesICeHO BHUMaHHe MW KOHIeCHTpannMu CO? [9]. 








—@ Skcnepamexdt Ned - BeHTMNATOD pacnono:kex czaqu. 
() SKCnepaMexT Ned - BEHTMNATOP pacnonoxkeH COoKy. 


@ SkCNepMMeHT Nod - BeEHTHAATOD BEIKTHOYMM nocne 4x MMHYyT OObIT 


—— []pegenbHo sonycTHMaa KOHUEHTPAauA. 


introduced the maximum one-time MPC, 
which was 13 790 ppm (27 000 mg/m°), and 
time-weighted average MPC, which was 4 597 
ppm (9 000 mg/m”) for air of the working 
zone of production areas. However, in accord- 
ance with GOST 8050-85 [8], at concentra- 
tions greater than 5 % carbon dioxide has a 
harmful effect on human health. This reduces 
the volume concentration of oxygen in the air 
that can cause lack of oxygen and suffocation. 
Therefore, in the experimental studies the au- 
thors have paid attention to concentration of 


CO’ [9]. 
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® Expertment No.3 - the fan is placed behind the welder 

\ Experiment No.4 - the fan is placed to the side of the welder 

* Experiment No.4 - the fan was tumed off after 4 minutes of the e1 
~ Maximum permissible concentration 


Puc. 5. KoHuWeHTpalluu BPeHBIX BEICCTB B H3MEPUTeJIBHBIX TOUKAX CMOTPOBONM AMBI 


Ha pa3HoH riryOuHe Tp MpoBeseHHU XKCIMepUMeHTOB Ne 3 u Ne 4 


Fig. 5. Concentration of harmful substances at the measuring points of the observation pit 
at different depths in the experiments No. 3 and No. 4 
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® Experiment No.3 - the fan is placed behind the welder 

Experiment No.4 - the fan is placed to the side of the welder 

* Experiment No.4 - the fan was turned off after 4 minutes of the experiment 
~ Maximum permissible concentration 


Puc. 6. KonuenTpatuu yruiIeKUCIOro 1a3a B H3MEPHTeJIBHBIX TOUKAX CMOTPOBOM AMBI 
Ha pa3Hol riryOuHe Np MpoBeseHuU IKCHepHMeHTOB Neo 3 u No 4 


Fig. 6. Carbon dioxide concentration at the measuring points of the observation pit 
at different depths in the experiments No. 3 and No. 4 


Ha puce. 5, a, 6 WpeacTaBsIeHbI pe3yJIbTAaTHI 


3aMepoB Ta30aHasIM3aTOPpOM _KOHIIeCHTpaluli 
yrapHoro ra3a HW OKCcHya a30tTa NO» B U3MepH- 
TEJIGBHBIX TOUKAX CMOTPOBOM AMBI Ha pa3Hon 
r1yOuHe Np MpoBeyeHuH IKCHepuMeHTOB Ne 3 
wu No 4. Kontjentpaiuu npessicusm IJK umMen- 
HO B 9THX HaWxyIUMX pexXUMax BeEHTHJIMPOBa- 
HUA CMOTPOBOM AMBI MW JOCTHTIM MaKCHMyMa B 
oakcriepuMeHte Ne 4 nocie OTKIOUCHHA BeHTU- 
nmaTopa B ToOUKe «T 1». 

IIpu Bcex paBHBIxX YCJIOBHAX Ha MaKCHMAalIb- 
HbIX TIYOMHAX CMOTPOBOHM AMbI B TOUKAX «T 1» 
uw «T5>> HMeCHOT MECTO M&@KCHMA@JIbHbIe KOHI[CH- 
Tpalluu Kak BPeHBIX BeIIeCTB, TaK HW yIJIeKUC- 
Oro ra3a. QKCHepMMeHTHI JWIMIMCb He Oosee 5 
MHH, OJHaKO y2Ke 34 ITO BPeCMA TIO BCeM UCCIIe- 
JYCMbIM BeIIIeCTBAM MO?KHO ObIO HaOJHOaTb 


mpespiuennue ITJ[K. OuepuyqHo, 4TO c yBesMue- 


HHeM BPeMeHH CBapKH (eMCTBUA WCTOUHMKa 





Tu ae: 


Fig. 5, a and b present the results of meas- 
urements by analyzer concentrations of carbon 
monoxide and nitrogen oxide NO, at the 
measuring points of the observation pit at dif- 
ferent depths in the experiments No. 3 and No. 
4. Concentrations exceeded MPC exactly in 
these cases of worst ventilation of inspection 
pit and reached the maximum in the experi- 
ment No. 4, after turning off the fan at the 
point "TL". 

All things being equal at the maximum 
depths of the inspection pit at the points "T1" 
and "T'S" we have the maximum concentration 
of harmful substances and carbon dioxide. 
Experiments lasted no more than 5 min, how- 
ever, during this time, all of the investigated 
substances exceeded MPC. It is obvious that 


with increase of welding time (the source of 
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3arpsa3HeCHHA) KapTHHa 3ara30BaHHOCTH OyyeT 
yYXyJMaTbca, KOHWeHTpanuun pactu. IIpuuuna 
aHHoro 3ddekTa COCTONT B TOM, 4TO B yrylax 
CMOTPOBOM AMBI CO3J1aIOTCA 3aCTOMHbIeC 30HBI, 
KOTOpble He MpOBeTPHBAaOTCA OOJIBIIMM BUX- 
peM, OOpa30BaHHbIM YCTOM4MBbIM KOHBCKTHB- 
HbIM IICpeCHOCOM CBapOUHbIX adpo30JIeH WU Ta30B 
BePTHKaJIbHO BBEpX. 

ComocTaBsieHHe 9KCIHeCPHMeCHTaJIbHbIX ]{aH- 
HbIX, NOJTYYCHHBIX B XO MpOBeEHHBIX UCCIIe- 
JJOBaHMH, MOKa3bIBaeT, 4YTO KapTHHa Temilepa- 
TYPHbIX MOE WM KOHICHTpalluv Cxo7%Ka, MaKCH- 
MYMbI HaOJOalOTCA B TOUKAX HanOosbier 
TIYOWHBI pacnOJIOX%KeCHHA U3MEPUTCJIBHBIX TO- 
4eK, a 13 BCCX PeXxXUMOB IpOBeTPHBAHHA OObEK- 
Ta HawxyWIMMuU BapvaHTaMu cTalIM 9KCHepH- 
MeHTBI No 3 1 Ne 4. 

Bprponr. [ipopeqéHHble W3MepeHHA KOH- 
IeCHTpauMu BpeHbIX BeIeCTB WM YyIrIeKHCIIOrO 
raza, oOpa3yIOWlUxca Ipu alleTHJICHO- 
KHCJIOPOJHOM CBapKe, MOKa3aJIM, UTO OHM Mpe- 
BbILMaKOT CAHUTaPpHO-rMrMeHH4eCKHH HOPMaTUB 
ITAK, ycTaHoBsIeHHbIi Id padouel 30HBI. 
CTecHEéHHbIe YCJIOBUA CBAapOYHBIX paovoT co3a- 
FOT HeOMaronpuHATHbIe YCJIOBHA WM IO KOHIICH- 
Tpauuu CO2 B Bo3qyxe padoyen 30HbI. IIpu 
JJIMTCJIbHOM BeJIEHHU TaKUX paooT y cBapliMKa 
BO3HUKaeT WaTOJIOrMA, CBA3AHHAA C HeOCTAT- 
KOM KHcuOpoyia B BO3tyxe. AHasIOrM4Hble UC- 
CileOBaHHA TO TeMMepaType BO3tyxa padoyel 
30HBI WOKa3aJIM, UTO CBapIMK HaxOJIMTCA B He- 
OarONpUATHBIX YCJIOBUAX IIPOU3BOJICTBeHHOrO 
MUKPOKJIMMaTa, pexyje BCero 110 TemlepaType. 

Ilomy4eHHble pe3yJIbTaTbI U pe BapuTesIbHO 
IIPOBeCJICHHBIC MOJCJIBHbIC PaC4eThI MO3BOJIMIIM 
BbIpaOOTaTb TpeOOBaHHA K HEOOXOJMMBIM YCJIO- 
BHUAM Bepudukalluu MaTeMaTH4eCcKON MOJeIIM U 
ipexyze BCero TpeOOBaHHA K TJIaHHpOBaHHIo U 
IIPOBCTCHHEO IKCIICDHMCHTOB: 

1. OKCHepHMeHT TOJDKeEH JWIMTbCA JO ycTa- 
HOBJICHHA COCTOAHUA TeH-JIOBOrO PaBHOBeCcHA, 
Kora C Te4eHHeM BPeMeHH TeMIIepaTypbI U 
KOHI[CHTpallu B U3MePpHTeJIbHBIX TOUKAX Tepe- 
cTarloT u3MeHaTca. Ilo onbiTy NpewbInyuMx Uc- 
CIeOBaHHH aBTOPOB, 3TO BPeMA COCTABJIAeT 
15—20 mMuHyT, TO eCTb 3HAYMTEJIbHO MIpeBbIIlaeT 


pollution) gas accumulation will be worse, 
concentration will grow. The reason for this 
effect is that in the corners of the observation 
pit stagnant zones are created, which are not 
ventilated by a large vortex formed by a stable 
convective transfer of welding fumes and gas- 
es vertically upwards. 

The comparison of the experimental data 
obtained in the course of the conducted stud- 
ies, shows that the pattern of temperature 
fields and concentrations are similar, the max- 
imums are observed at the points of greatest 
depth of the location of the measuring points 
and of all the modes of ventilation of the ob- 
ject the worst options become the experiments 
No. 3 and No. 4. 

Conclusion. The measured concentrations 
of harmful substances and carbon dioxide, 
produced by oxyacetylene welding, have 
shown that they exceed hygienic standard 
MPC set for the work area. Cramped condi- 
tions of welding operations create non- 
favorable conditions taking into account CO? 
concentrations in the air of working zone. Pro- 
longed maintenance of such works causes the 
welder to have the pathology associated with 
the lack of oxygen in the air. Similar studies 
on the temperature of the working area 
showed that the welder is in non-favorable 
conditions of production microclimate, and 
first of all 1t 1s temperature. 

The obtained results and preliminary model 
calculations made it possible to formulate the 
requirements to the verification of the mathe- 
matical model and especially the requirements 
for planning and conducting experiments: 

1. The experiment should last until the state 
of thermal equilibrium is established, when 
over time the temperature and concentration at 
the measuring points stops changing. Accord- 
ing to the experience of previous studies, it is 
about 15-20 minutes, which is much higher 


than the formation time of the thermal jet dur- 








BpeMa (OpMUpoBaHHA TeMIOBOH cTpyH mpu 
CBapKe. 

2. Jia BepHdukawuu MaTeMaTH4ecKOl MO- 
eM TemsoMaccolepeHoca 3arpa3HeHHuH Heoo- 
XOJMMBI TOUHBIe JeTasIbHble 3HAaHHA O UCTOUHH- 
Ke 3afpxA3HCHHA, NOJYYeCHHbIe He Ha OCHOBAHUH 
IaCHOpTHbIX XapaKTepHCTHK CBapodHOrO oO6o- 
PYMOBaHHA WIM B pe3ylIbTaTe pacueTORB, a IyYTeM 


W3MepeHHa HeOOXOJMMBIX TapaMeTpoB. B 


HaCTOAIIMX 3KCICPHMeHTax IIpH alleTHJIeHO- 
KMCHOpOTHOW CBapKe H3MepsJIMCh pacxOJbI 
KMcHopoya MU alleTusIeHa, MOcTyMarollue Ha ra- 
30BYIO FOpesiky. 

CcoopMysMpoBaHHble TpeOoBaHuaA HeoOxo- 
MMO y4ecTb Ip WWaHHpOBaHHN TMOCcIeTYyIOWux 
3IKCIEPMMEHTOB, HalIpUMep, B OMbITaX C MOpOL- 
KOBOM TpoBouOKOH INNERSHIELD. 
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ing welding. 


2. For verification of the mathematical 
model of heat and mass transfer of contami- 
nants it is necessary to have accurate detailed 
knowledge of the source of pollution, obtained 
neither on the basis of the specification of 
welding equipment nor as a result of calcula- 
tions, but by measurements of the required 
parameters. In these experiments during oxya- 
cetylene welding the authors measured the 
amount of oxygen and acetylene supplied to a 
gas burner. 

The requirements are needed to be consid- 
ered when planning future experiments, for 
example, in experiments with flux-cored wire 
INNERSHIELD. 
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